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ABSTRACT 


A  study  was  conducted  to  determine  the  patterns  of  tissue 
development  and  distribution  in  swine  and  to  assess  the  effect  of 
live  weight,  breed,  sex  and  ration  on  these  patterns. 

Complete  anatomical  dissection  was  carried  out  on  the  left  side 
of  carcasses  of  seventy-three  pigs  taken  from  an  experiment  which 
involved  144  barrows  and  gilts  of  Duroc  x  Yorkshire,  Hampshire  x 
Yorkshire  and  Yorkshire  x  Yorkshire  breeding  fed  either  a  high  energy 
(HE)  (3652  kcal  DE/kg  and  19.9%  protein)  or  a  low  energy  (LE)  (2757 
kcal  DE/kg  and  15.3%  protein)  ration  for  two  one-hour  periods  per  day 
and  slaughtered  at  68,  91  and  114  kg  live  weight.  Part  of  the  study 
also  included  data  from  19  Hampshire  x  Yorkshire  barrows  and  gilts 
killed  at  the  same  live  weights  but  fed  the  two  rations  on  an  ad 
libitum  basis.  To  establish  a  starting  point  9  barrows  and  8  gilts 
of  the  same  breed  groups  were  slaughtered  at  23  kg  live  weight. 

A  normal  pattern  of  tissue  growth  occurred  with  bone  growth  being 
relatively  slow  and  muscle  growth  relatively  fast.  Fat  deposition 
paralleled  muscle  growth  up  to  91  kg  live  weight  and  thereafter 
exceeded  muscle  growth  in  absolute  amount.  Breed  of  sire  influenced 
both  tissue  weights  per  day  of  age  and  the  proportions  of  the  tissues 
in  the  carcass.  The  influence  of  sex  and  ration  were  similar.  At  all 
slaughter  weights,  the  differences  in  the  proportions  of  muscle,  fat 
and  bone  between  barrows  and  gilts  paralleled  differences  resulting 
from  the  HE  and  LE  rations. 

Muscle  distribution  changed  slightly  between  23  and  68  kg  live 
weight  but  remained  constant  thereafter.  Breed,  sex  and  ration  had 
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little  influence  on  muscle  distribution.  However,  gilts  were  found 
to  mature  at  earlier  weights  than  barrows. 

Differentiation  in  fat  deposition  occurred  between  depots  as 
live  weight  increased;  %  subcutaneous  fat  increased  and  %  intermuscular 
and  body  cavity  fat  decreased.  Within  depots  a  greater  proportion  of 
intermuscular  and  body  cavity  fat  were  deposited  in  the  front  quarter 
and  a  greater  proportion  of  subcutaneous  fat  in  the  hind  up  to  68  kg 
live  weight.  Thereafter  little  differentiation  occurred.  Certain 
deviations  from  this  pattern  occurred  as  a  result  of  breed,  sex  and 
weight  interactions. 

The  impetus  for  length  and  circumference  growth  in  bone  was 
greatest  between  23  and  68  kg  live  weight.  During  this  period  growth 
in  circumference  was  proportionately  greater  than  that  in  length  but 
thereafter  growth  impetus  was  similar.  As  in  muscle  distribution, 
differentiation  in  bone  distribution  was  essentially  completed  at  or 


before  23  kg  live  weight. 
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GENERAL  INTRODUCTION 


Present  and  projected  requirements  for  pork  are  for  carcasses 
with  high  lean  to  fat  ratios.  Satisfying  this  requirement  may 
necessitate  the  directing  of  tissue  development  away  from  a  "normal" 
toward  a  "desired"  pattern  of  growth.  Before  this  can  be  accomplished 
however,  "normal"  patterns  must  be  delineated  and  the  influence  of 
genotypic  and  environmental  factors  on  these  patterns  must  be  under¬ 
stood. 

Growth  patterns  of  tissues  in  swine  carcasses  were  studied  by 
Hammond  and  his  students  at  Cambridge  beginning  more  than  thirty  years 
ago.  Their  studies  led  to  widely  accepted  theories  of  growth.  A 
shortcoming  of  the  Cambridge  studies  was  that  separation  of  tissues 
was  by  a  jointing  technique  relating  butcher’s  cuts  which  often 
grouped  together  tissues  with  functional  and  anatomical  differences. 
Recently  total  anatomical  separation  of  tissues  has  been  used  in  an 
attempt  to  further  clarify  tissue  growth  patterns  in  several  species. 

The  object  of  this  experiment  was  to  use  the  anatomical  dissect¬ 
ion  technique  to  determine  the  normal  development  and  distribution  of 
the  major  carcass  tissues  in  swine  and  evaluate  some  of  the  deviations 
that  might  occur  in  these  normal  growth  patterns  as  a  result  of  some 
genotypic  and  environmental  effects. 
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I.  Tissue  Development 

A)  Introduction 

The  means  of  evaluating  carcass  composition  in  domestic  animals 
has  varied  between  the  jointing  or  semi-dissection  technique  and  the 
more  simple,  linear  measurements  and  yield  of  wholesale  carcass  cuts. 
Hammond  (1932)  developed  the  jointing  technique  to  study  the  changes 
in  growth  within  and  between  carcass  tissues  in  sheep.  His  findings 
suggested  a  differentiation  in  growth  between  tissues  as  well  as  an 
anterior-posterior  and  centripetal  pattern  of  tissue  development. 

Later  studies  in  sheep  (Palsson  and  Verges,  1952;  Wallace,  1948)  and 
in  pigs  (McMeekan,  1940a,  b,  c,  1941)  confirmed  these  observations 
and  further  suggested  that  a  considerable  deviation  from  these  patterns 
of  growth  could  be  expected  as  a  result  of  the  influence  of  breed,  sex 
and  ration. 

However,  because  this  technique  was  so  laborious  researchers 
adopted  the  more  expedient  method  of  linear  measurements  and  yield  of 
wholesale  cuts  as  a  means  of  studying  changes  in  carcass  composition. 

As  a  result  the  literature  is  now  replete  with  the  gross  changes  in 
carcass  composition  that  occur  due  to  the  influence  of  live  weight, 
breed,  sex  and  ration. 

Several  workers  (Atkinson  and  Klein,  1946;  Allen  et  al.,  1961; 
Braude  et  al.,  1963;  Brooks  et  al. ,  1964;  Buck,  1963;  McCampbell  and 
Baird,  1961)  have  indicated  that  as  live  weight  increases  the  propor¬ 
tion  of  muscle  in  the  carcass  decreases  while  fat  increases. 

Breed  and  type  of  pig  have  been  shown  to  affect  carcass  composi¬ 
tion  quite  markedly  (Aunan  et  al.,  1961;  Berg,  1958;  King,  1963;  King, 
1966;  Lucas  and  Calder,  1956;  Plank  and  Berg,  1963;  Sayre  et  al.,  1963; 
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Whiteman  et  al.,  1951). 

Differences  in  carcass  composition  between  sexes  noted  by 
Bruner  et  al.  (1958),  Self  et  al.  (1957),  Robinson  (1965)  and 
Zobrisky  et  al.  (1961)  have  shown  gilts  to  have  more  muscle  and  less 
fat  than  barrows. 

Carcass  composition  varies  in  response  to  ration.  Comparisons 
of  low  vs  high  energy  rations  have  indicated  that  low  energy  rations 
produce  leaner  carcasses  than  high  energy  rations  (Baird  and 
McCampbell,  1962;  Brooks  et  al.,  1963;  Jones  and  Pond,  1964;  Wagner 
et  al. ,  1963) . 

However,  the  contribution  of  these  studies  to  a  knowledge  of 
individual  tissue  growth  has  been  minimal.  While  gross  weight  changes 
are  relatively  easily  measured  changes  in  tissue  development  can  only 
be  studied  by  a  technique  of  serial  slaughtering  and  complete  anatomi¬ 
cal  dissection.  Recently,  studies  of  this  nature  have  begun  in  cattle 
(Berg,  1968;  Berg  and  Butterfield,  1968;  Butterfield,  1963).  But 
except  for  the  report  by  Cuthbertson  and  Pomeroy  (1962),  which  did 
little  more  than  confirm  McMeekan’s  work  (1940a,  b,  c) ,  no  similar 
studies  have  been  done  in  swine. 

The  present  chapter  reports  the  results  of  a  study  concerned  with 
the  growth  patterns  of  muscle,  fat  and  bone  tissues  and  the  influence 
of  live  weight,  breed,  sex  and  ration  on  these  patterns. 

B)  Materials  and  Methods 

The  methods,  procedures  and  experimental  design  have  been  pre¬ 
viously  outlined  (Skitsko,  1969;  Skitsko  and  Bowland,  1970)  in  reports 
concerning  the  nutritional  aspects  of  the  study.  Basically  the  study 
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involved  114  barrows  and  gilts  of  Duroc  x  Yorkshire,  Hampshire  x 
Yorkshire  and  Yorkshire  x  Yorkshire  breeding  which  were  fed  a 
standard  early  weaning  ration  containing  3500  kcal  DE/kg  and  20%  crude 
protein  from  weaning  at  three  weeks  until  they  reached  23  kg  live 
weight.  Thereafter  they  were  individually  fed  either  a  high  energy 
(HE)  (3652  kcal  DE/kg  and  19.9%  protein)  or  low  energy  (LE)  (2757 
kcal  DE/kg  and  15.3%  protein)  ration  for  two  one  hour  periods  per  day 
and  slaughtered  at  either  68,  91  or  114  kg  live  weight.  A  sample  of 
seventy-three  pigs,  representing  breed,  sex  and  ration  effects  at  each 
of  the  3  slaughter  weights  were  chosen  for  carcass  dissection.  An 
additional  nine  barrows  and  eight  gilts  of  the  same  breed  groups  were 
slaughtered  at  23  kg  live  weight  to  establish  a  base  for  carcass 
composition  comparisons.  All  slaughtering,  carcass  grading  and  Record 
of  Performance  measuring  was  done  at  a  local  packing  plant.  The  left 
side  of  each  carcass  was  returned  to  the  University  Meat  Laboratory 
for  dissection.  Half  carcasses  were  dissected  into  individual  muscles, 
fat  and  bone  (Butterfield  and  May,  1965) .  Fat  was  separated  into 
subcutaneous  (fat  +  skin),  intermuscular  and  body  cavity  fat.  Loose 
connective  tissue  was  weighed  with  fat.  Tendon  was  weighed  separately 
but  included  with  bone  in  this  study. 

Statistical  analyses  of  the  data  involved  multiway  analyses  of 
variance,  mean  comparisons  and  multiple  stepwise  regression  (Steel 
and  Torrie,  1960). 

C)  Results  and  Discussion 
Normal  growth  of  tissues 


In  Figure  1  average  weight  of  carcass  and  individual  tissues 
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23  68  91  114 

LIVE  WEIGHT  IN  kg 


Figure  1,  Carcass,  muscle,  fat  and  bone  weights  relative 

TO  LIVE  WEIGHT  IN  PIGS, 
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(muscle,  fat  and  bone)  are  plotted  relative  to  live  slaughter  weight. 

A  definite  pattern  of  tissue  growth  occurred  similar  to  that  observed 
by  Cuthbertson  and  Pomeroy  (1962)  in  swine,  Berg  (1968)  and  Berg  and 
Butterfield  (1968)  in  cattle.  Bone  grew  relatively  slowly  while 
muscle  had  a  relatively  high  growth  rate.  The  decline  in  muscle 
growth  after  91  kg  live  weight  was  offset  by  the  increase  in  fat 
deposition  resulting  in  an  almost  linear  increase  in  carcass  weight 
relative  to  live  weight.  Increase  in  carcass  weight  after  91  kg  live 
weight  was  closely  related  to  the  increase  in  fat  deposition  and  is  in 
agreement  with  Brooks  (1964). 

Data  indicating  the  influence  of  live  weight,  breed,  sex  and 
ration  on  growth  rate,  carcass  composition  and  various  carcass 
measurements  are  presented  in  Table  1. 

Influence  of  live  weight  on  tissue  growth 

As  live  weight  increased  from  23  kg  to  114  kg,  dressing  %  increas¬ 
ed  from  63.3  to  80.2  percent  (Table  1).  Between  68  kg  and  114  kg  live 
weight,  backfat  increased  from  6.4  to  9.2  centimeters  (P<0.01). 
Increases  in  live  weight  from  23  kg  to  114  kg,  resulted  in  a  decrease 
in  percent  muscle  in  the  carcass  from  60.4  to  48.7%,  an  increase  in 
percent  fat  from  25.9  to  42.1%  and  a  decrease  in  percent  bone  from 
13.2  to  9.2  percent  (Table  1).  Between  23  and  114  kg  live  weight, 
carcass,  muscle  and  fat  weights  per  day  of  age  increased  while  bone 
weight  per  day  of  age  remained  relatively  constant.  However,  while 
carcass  and  fat  weights  per  day  of  age  increased  at  increasing  rates 
up  to  114  kg  live  weight,  muscle  weight  per  day  of  age  increased  at  a 
decreasing  rate  after  91  kg  live  weight.  Similar  changes  in  carcass 


TABLE  1.  .  Influence  of  live  weight,  breed,  sex  and  radon  on  carcass  composition  and  tissue  growth  in  swine 
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composition  and  the  influence  of  fat  deposition  on  dressing  %  have 
also  been  indicated  by  other  workers  (Bowland  and  Berg,  1959;  Braude 
et  al.,  1963;  Brooks  et  al.,  1964;  Buck,  1963;  Cuthbertson  and 
Pomeroy,  1962;  McCampbell  and  Baird,  1961;  Wagner  et  al.,  1963).  By 
91  kg  live  weight  pigs  had  84%  of  the  muscle  and  66%  of  the  fat  that 
was  present  at  114  kg  live  weight. 

Influence  of  breed  on  tissue  growth 

Although  comparisons  were  made  among  breed  groups  it  should  be 
noted  that  these  were  not  intended  to  be  specific  for  the  breeds 
studied.  Hampshire  x  Yorkshire  and  Duroc  x  Yorkshire  pigs  were  cross¬ 
breds  while  Yorkshire  x  Yorkshire  pigs  were  purebreds.  Gain  and 
carcass  traits  may  have  been  influenced  by  heterosis  and  its  importance 
could  not  be  assessed  in  this  experiment. 

There  were  no  significant  differences  in  total  muscle,  fat  or 
bone  weights  or  percentages  among  breeds  at  68,  91  or  114  kg  live 
weights  (Table  1) .  Yorkshire  x  Yorkshire  pigs  were  older  (187  days) 
than  Duroc  x  Yorkshire  or  Hampshire  x  Yorkshire  pigs  which  were  equal 
(173  days)  in  age  at  slaughter.  Hampshire  x  Yorkshire  pigs  had  a 
greater  weight  of  muscle  per  day  of  age  (P-C0.01)  than  did  either 
Duroc  x  Yorkshire  or  Yorkshire  x  Yorkshire  pigs  but  were  intermediate 
in  fat  per  day  of  age.  Duroc  x  Yorkshire  and  Hampshire  x  Yorkshire 
pigs  had  greater  (P<0.01)  live  weight  and  carcass  weight  per  day  of 
age  than  did  Yorkshire  x  Yorkshire  pigs.  Duroc  x  Yorkshire  pigs  also 
had  the  greatest  fat  per  day  of  age  (P<0.01).  Although  no  differences 
in  feed  conversion  between  breeds  were  observed  here,  analyses  of  the 
entire  experiment  (Skitsko  and  Bowland,  1970)  indicated  that  Duroc  x 
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Yorkshire  and  Hampshire  x  Yorkshire  pigs  were  more  efficient  in  feed 
conversion  than  Yorkshire  x  Yorkshire  and  that  Duroc  x  Yorkshire  pigs 
consumed  more  feed  per  day  on  the  HE  ration  than  on  the  LE  ration. 

Influence  of  sex  and  ration  on  tissue  growth 

Gilts  had  less  (P<  0. 01)  backfat ,  carcass  fat  and  percentage  fat 
and  more  (P<0.01)  carcass  muscle  and  percentage  muscle  than  did 
barrows  (Table  1).  Muscle-bone  ratio  and  bone  weight  were  similar 
for  each  sex.  Live  weight,  carcass  weight  and  fat  per  day  of  age  were 
less  for  gilts  than  for  barrows  (P<0.05).  Gilts  had  more  muscle  per 
day  of  age  than  did  barrows  (P<.0.05).  Differences  in  feed  conversion 
for  the  seventy-three  barrows  and  gilts  which  were  dissected  were  not 
significantly  different  (3.19  and  3.11  kg  feed/kg  gain  for  gilts  and 
barrows  respectively).  However,  data  for  the  entire  experiment 
(Skitsko  and  Bowland,  1970) ,  indicated  that  gilts  required  less  feed/kg 
gain  than  did  barrows. 

Pigs  fed  the  LE  ration  were  26  days  older  at  slaughter  than  pigs 
fed  the  HE  ration  (P<0.01)  (Table  1).  Carcass  weight,  dressing  % 
and  total  backfat  were  respectively  3.2  kg,  3.4%  and  1.1  cm  greater 
(P<0.01)  for  the  HE  fed  pigs  over  those  fed  the  LE  ration.  Because 
of  the  difference  in  age  to  slaughter  between  the  HE  and  LE  ration 
(165  vs.  191  days)  pigs  fed  the  HE  ration  had  a  greater  weight  per  day 
of  age  for  all  measurements  than  did  those  fed  the  LE  ration  (P-<0.05). 
Feed  conversion  favored  the  HE  ration  over  the  LE  ration  (2.72  vs.  3.58 
kg  feed/kg  gain)  (P<0.01). 

Differences  in  carcass  composition  between  ration  groups  were 
similar  to  differences  between  sexes.  Figure  2  illustrates  the 
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Figure  2.  Proportions  of  lean,  fat  and  bone  at  *1  live  weights  in 
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similarity  of  sex  and  ration  effects  on  percentage  muscle,  fat  and  bone 
at  23,  68,  91  and  114  kg  live  weight.  In  each  case  as  live  weight  in¬ 
creased  percent  muscle  decreased,  percent  fat  increased  and  percent 
bone  decreased  slightly.  Gilts  had  a  slightly  greater  percent  of  mus¬ 
cle  and  less  of  fat  at  114  kg  live  weight  than  did  barrows  at  91  kg 
live  weight.  Carcass  composition  for  LE  fed  pigs  at  114  kg  live  weight 
was  similar  to  that  of  HE  fed  pigs  at  91  kg  live  weight. 

Live  weight,  breed,  sex  and  ration  interactions 

The  data  revealed  several  two-way  interactions  among  the  major 
effects  of  live  weight,  breed,  sex  and  ration.  Those  at  or  above  the 
5%  significance  level  are  presented  in  Tables  2,  3,  4,  5  and  6. 

Table  2  presents  the  interaction  of  live  slaughter  weight  by  sex 
and  live  slaughter  weight  by  ration  on  carcass  grade  indexes.  At  91 
kg  live  weight  gilts  were  superior  to  barrows  in  grade  indexes  (105  vs. 
102)  and  pigs  fed  the  LE  ration  were  superior  to  those  fed  the  HE 
ration  while  carcass  grade  indexes  for  pigs  slaughtered  at  68  kg  and 
114  kg  did  not  reflect  carcass  composition  differences. 

On  the  LE  ration  both  barrows  and  gilts  reached  slaughter  weight 
at  similar  ages  (192  and  190  days  respectively)  while  on  the  HE  ration 
barrows  reached  market  11  days  earlier  than  gilts  (159  vs.  170  days 
respectively)  (Table  3) . 

Gilts  on  the  LE  ration  had  more  muscle  per  day  of  age,  a  greater 
final  weight  and  slightly  greater  carcass  weight  per  day  of  age  than 
did  barrows.  On  the  other  hand,  barrows  on  the  HE  ration  were  equal 
to  gilts  in  muscle  per  day  of  age  but  had  a  greater  final  weight  and 
carcass  weight  per  day  of  age  than  did  gilts  (Tables  3,  4,  5). 

Each  of  these  sex  by  ration  effects  on  carcass  composition  were 
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TABLE  2:  Mean  carcass  grade  indexes  (%)  as  influenced  by 
interactions  of  slaughter  weight  by  sex  and  slaughter  weight  by  ration 


Slaughter 

weight 

SEX 

RATION 

Barrows 

Gilts 

LE 

HE 

68 

89 

87 

87 

89 

91 

102 

105 

105 

102 

114 

84 

86 

86 

84 

TABLE  3:  Slaughter  age  (days)  and  muscle  per  day  of  age 
(g)  as  influenced  by  interaction  of  sex  by  ration 


RATION 


Characteris  tic 

Sex 

LE 

HE 

Slaughter  age  (days) 

Barrows 

192 

159 

Gilts 

190 

170 

Muscle  per  day  of  age  (g) 

Barrows 

159 

182 

Gilts 

182 

182 

TABLE  4:  Final  weight  per  day  of  age  (g)  as  influenced  by 
breed  by  sex  and  ration  by  sex  interactions 


Sex 


Barrows 


BREED 

RATION 

D 

H 

Y 

LE 

HE 

533 

561 

4  94 

475 

$ 

584 

536 

503 

483 

481 

534 

Gilts 
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TABLE  5:  Carcass  weight  per  day  of  age  (g)  as  influenced  by 
breed  by  ration  and  sex  by  ration  interactions 


BREED 

SEX 

Ration 

D 

H 

Y 

Barrows 

Gilts 

LE 

371 

379 

346 

363 

369 

HE 

474 

454 

409 

464 

428 

TABLE  6.: 

Fat  per  day  of  age  (g)  as  influenced  by 
sex  interaction 

breed  by 

BREED 

Sex 

D 

H 

Y 

Barrows 

147 

145 

125 

Gilts 

124 

107 

117 

■* 
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a  reflection  of  the  sex  by  ration  interactions  for  feed  conversion 
reported  by  Skitsko  and  Bowland  (1970).  Barrows  on  the  LE  ration 
had  less  efficient  feed  conversion  than  gilts  but  were  equal  to  gilts 
on  the  HE  ration. 

In  all  three  breed  groups  those  pigs  fed  the  HE  ration  had  a 
greater  carcass  weight  per  day  of  age  than  those  fed  the  LE  ration. 
However,  breed  groups  ranked  differently  on  the  two  rations  (Table  5). 
On  the  LE  ration,  Hampshire  x  Yorkshire  pigs  had  greater  carcass  weight 
per  day  of  age  followed  by  Duroc  x  Yorkshire  and  Yorkshire  x  Yorkshire 
pigs.  On  the  HE  ration  Duroc  x  Yorkshire  pigs  were  followed  by 
Hampshire  x  Yorkshire  and  then  Yorkshire  x  Yorkshire  pigs. 

As  with  the  barrow-gilt  comparisons,  pigs  with  an  inherent  pre¬ 
disposition  to  lean  growth  grew  faster  on  the  LE  ration  while  pigs 
with  a  predisposition  to  fatten  appeared  to  grow  faster  on  the  HE 
ration. 

In  the  breed  by  sex  interaction  (Table  6)  gilts  from  each  breed 
had  less  fat  per  day  of  age  than  did  barrows  but  breed  group  ranking 
differed  with  the  sex  of  pig  compared.  Duroc  x  Yorkshire  barrows  had 
similar  fat  per  day  of  age  to  Hampshire  x  Yorkshire  barrows  and  both 
groups  had  more  fat  per  day  of  age  than  Yorkshire  x  Yorkshire  barrows. 
Hampshire  x  Yorkshire  gilts  had  the  least  fat  per  day  of  age  followed 
by  Yorkshire  x  Yorkshire  and  Duroc  x  Yorkshire  gilts. 

Application  to  performances  testing  and  carcass  grading 

The  data  presented  here  indicate  that  the  normal  pattern  of  tissue 
development  in  swine  can  be  altered  markedly  in  the  influence  of  breed. 


sex  and  ration. 
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In  testing  programs  designed  to  evaluate  pigs  for  rate  of  gain 
and  carcass  composition,  different  results  could  arise  if  using  a 
HE  vs .  a  LE  ration  because  of  genotype  by  ration  interactions.  Inter¬ 
actions  of  this  nature  were  reported  by  Plank  and  Berg  (1963)  and 
Salmela  et  al.  (1963)  when  comparing  progeny  groups  on  liberal  vs. 
limited  feeding  regimes.  The  data  from  this  experiment  indicated 
the  need  for  determining  carcass  composition  in  performance  testing 
programs  designed  to  identify  superior  breeding  stock.  Both  Duroc  x 
Yorkshire  and  Hampshire  x  Yorkshire  had  similar  live  and  carcass 
weights  per  day  of  age  but  whereas  this  weight  was  made  up  by  a 
greater  fat  per  day  of  age  in  the  Duroc  x  Yorkshire  pigs  the  increase 
in  the  Hampshire  x  Yorkshire  pigs  was  attributable  to  a  greater  weight 
of  muscle  per  day  of  age.  When  comparing  breed,  sex  and  ration  inter¬ 
actions  it  was  found  that  the  leaner  Hampshire  x  Yorkshire  pigs  and 
gilts  grew  more  quickly  than  the  other  groups  on  the  LE  ration  while 
the  fatter  Duroc  x  Yorkshire  pigs  and  barrows  grew  more  quickly  on 
the  HE  ration. 

The  fact  that  genotype  environment  interactions  exist  is  justifi¬ 
cation  for  concern  in  pig  testing  programs.  However,  from  the  stand 
point  of  the  pig  producer,  the  ability  to  manipulate  carcass  composi¬ 
tion  could  mean  a  greater  flexibility  in  the  face  of  fluctuating 
markets.  One  of  the  deterents  to  such  action  at  the  moment  is  that 
the  Canadian  marketing  system  operates  within  the  carcass  weight  range 
of  56.4  to  81.8  kg  carcass  weight  corresponding  to  approximately  75  to 
100  kg  live  weight.  There  are  several  reports  which  suggest  that  pigs 
slaughtered  at  both  68  and  114  kg  live  weight  can  be  produced  and 
processed  efficiently  and  economically  and  still  meet  consumer  desires 
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(Bellis  and  Taylor,  1961;  Brooks  et  al.,  1964;  Field  et  al.,  1961; 
Varney  et  al.,  1962).  Results  from  the  present  experiment  suggest 
that  acceptable  carcass  composition  can  be  obtained  at  68  kg  and 
114  kg  live  weight.  It  would  seem  appropriate  to  evaluate  factors 
involved  in  the  processing  of  pig  carcasses  outside  the  present 
accepted  weight  range  with  a  view  to  offering  a  greater  variety  of 
pork  products.  Thus  gilts,  pigs  fed  LE  rations  or  strains  of  pigs 
with  a  predisposition  to  lean  growth  might  be  fed  to  heavier  weights. 
Similarly  on  the  other  end  of  the  scale,  lighter  carcasses  from 
barrows,  pigs  fed  the  HE  rations  or  strains  of  pigs  with  a  predisposi¬ 
tion  to  fat  growth  might  find  a  more  acceptable  market. 
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II.  Muscle  Growth  and  Distribution 
A)  Introduction 

The  study  of  tissue  development  and  distribution  in  the  carcass 
has  been  primarily  done  by  the  use  of  jointing  techniques.  Only 
recently  in  cattle  and  swine  has  tissue  distribution  been  studied  by 
anatomical  dissection  (Berg  and  Butterfield,  1968;  Butterfield,  1963a, 
b;  Butterfield,  1965;  Butterfield  and  Berg,  1966;  Cuthbertson  and 
Pomeroy,  1962) . 

In  this  study  anatomical  dissection  of  pig  carcasses  confirmed 
many  of  the  earlier,  less  detailed  studies  of  tissue  development  and 
revealed  several  changes  that  might  occur  due  to  the  influence  of 
genotype-environment  effects.  As  live  weight  increased  percentage 
muscle  and  bone  in  the  carcass  decreased  and  percentage  fat  increased. 
Breed  of  sire  influenced  the  muscle  weight  per  day  of  age  and  percent 
muscle  in  the  carcass.  Gilts  had  more  muscle  per  day  of  age  and  a 
greater  percentage  of  muscle  than  did  barrows.  A  low  energy  ration 
resulted  in  a  higher  percentage  of  muscle  in  the  carcass  than  did  a 
high  energy  ration. 

Because  of  these  major  effects  on  the  percentage  of  muscle  in  a 
carcass  the  question  arose  as  to  whether  compositional  changes  were 
due  to  a  uniform  change  in  total  muscle  or  to  a  difference  in  muscle 
distribution  in  the  carcass.  Recent  muscle  dissection  studies  in 
cattle  (Berg,  1968;  Butterfield  and  Berg,  1966)  had  shown  that  muscle 
distribution  was  relatively  constant  and  that  individual  muscles  grew 
in  either  mono-  or  diphasic  patterns  but  no  similar  studies  had  been 
reported  in  swine. 
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The  present  chapter  reports  the  results  of  this  study  concerned 
with  muscle  distribution  in  pigs  and  the  influence  of  live  weight, 
breed,  sex  and  ration  on  differential  muscle  growth. 

B)  Materials  and  Methods 

The  design  and  allotment  of  animals  was  the  same  as  previously 
presented.  In  this  study  data  from  an  additional  19  Hampshire  x 
Yorkshire  barrows  and  gilts  were  added  to  that  of  the  90  pigs  previous 
ly  studied.  These  additional  pigs  were  slaughtered  at  the  same  live 
weights  but  were  fed  the  high  and  low  energy  rations  on  an  ad  libitum 
basis  rather  than  at  two  one  hour  intervals  per  day.  A  multiway 
analysis  of  variance  indicated  that  there  were  no  significant  differ¬ 
ences  in  muscle  growth  or  distribution  between  the  ad  libitum  and 
hourly-fed  Hampshire  x  Yorkshire  pigs  and  their  data  were  therefore 
included  in  the  present  analyses. 

Half  carcasses  were  dissected  into  individual  muscles, fat  and 
bone  using  the  technique  of  Butterfield  and  May  (1965) .  Individual 
muscles  were  grouped  into  9  "standard  muscle  groups"  (Butterfield, 
1963a,  b)  and  those  muscle  groups  representing  the  expensive  carcass 
cuts  were  combined  into  3  "expensive  muscle  groups".  Group  A  (ham) 
consisted  of  proximal  and  distal  pelvic  limb;  group  B  (ham  +  loin) 
consisted  of  proximal  and  distal  pelvic  limb  and  spinal  muscles;  group 
C  (ham  +  loin  +  shoulder)  consisted  of  proximal  and  distal  pelvic  limb 
spinal  and  proximal  thoracic  limb. 

Multiway  analysis  of  variance  and  comparison  of  means  for  the 
data  were  carried  out  according  to  the  methods  of  Steel  and  Torrie 


(1960). 
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C)  Results 

Live  weight  had  little  effect  on  percentage  muscle  in  the  nine 
muscle  groups  (Table  7)  although  pigs  slaughtered  at  91  kg  live 
weight  appeared  to  have  a  significantly  greater  percentage  of  muscle 
in  muscle  group  9  (neck  and  thorax)  than  those  slaughtered  at  68  kg 
live  weight  (P<0.05). 

Breed  differences  existed  in  muscle  group  3  (spinal)  with  Duroc  x 
Yorkshire  pigs  having  a  greater  percentage  of  spinal  muscle  than 
Hampshire  x  Yorkshire  or  Yorkshire  x  Yorkshire  pigs.  Percentage  of 
muscle  in  all  other  muscle  groups  were  similar  for  all  breeds. 

No  explanation  for  either  of  these  live  weight  or  breed  differ¬ 
ences  was  readily  available  except  that  for  breed  the  greater  percent¬ 
age  of  spinal  muscle  in  the  Duroc  x  Yorkshire  pigs  may  have  been  a 
result  of  a  greater  degree  of  intramuscular  fat. 

Differences  in  muscle  distribution  due  to  the  influence  of  sex 
varied  relative  to  live  weight.  At  live  weights  above  68  kg,  differ¬ 
ences  observed  at  23  kg  either  disappeared  or  reversed  between  barrows 
and  gilts.  Table  7  shows  the  sex  comparisons  between  68  and  114  kg 
live  weight  while  Table  8  presents  those  muscle  groups  found  to  be 
significantly  different  between  barrows  and  gilts  at  23  kg  live  weight. 

At  23  kg  live  weight  (Table  8)  gilts  had  2.12%  more  muscle  in 
muscle  Group  1  (proximal  pelvic  limb),  0.78%  more  muscle  in  muscle 
group  3  (spinal)  and  2.10,  2.96  and  2.87%  in  expensive  muscle  groups 
A,  B  and  C  respectively  than  did  barrows.  On  the  other  hand  barrows 
had  1.25%  more  muscle  group  9  (neck  and  thorax)  than  did  gilts. 

However,  as  live  weight  increased  (Table  7)  differences  between 
barrows  and  gilts  were  no  longer  present  in  muscle  groups  1  and  9 
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TABLE  8:.  Muscle  group  percentages  differing  significantly 
between  barrows  and  gilts  slaughtered  at  23  kg  livewe igh t 
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or  expensive  muscle  groups  A  and  C.  Differences  in  muscle  group  3 
and  expensive  muscle  group  B  were  reversed  at  the  heavier  live  weights 
with  barrows  having  higher  percentages  than  gilts. 

The  influence  of  ration  on  muscle  distribution  shown  in  Table  7 
appeared  to  be  limited  to  muscle  group  2  (distal  pelvic  limb).  Those 
pigs  fed  the  HE  ration  had  a  greater  percentage  of  muscle  in  this 
group  than  did  those  fed  the  LE  ration  (P<0.05).  All  other  muscle 
groups  were  similar  between  rations. 

Significant  (P<  0.05)  interactions  observed  between  sex  and  ration 
and  sex  and  breed  in  muscle  group  7  (thorax  to  thoracic  limb)  are  pre¬ 
sented  in  Table  9.  On  the  LE  ration  barrows  had  a  greater  percentage 
of  muscle  from  thorax  to  thoracic  limb  than  did  gilts  while  gilts  had 
a  greater  percentage  of  muscle  in  this  group  on  the  HE  ration.  Duroc  x 
Yorkshire  barrows  had  a  greater  percentage  of  muscle  in  this  muscle 
group  than  did  gilts  while  the  reverse  of  this  was  true  for  the 
Hampshire  x  Yorkshire  and  Yorkshire  x  Yorkshire  barrows  and  gilts. 

D)  Discussion 

Some  reports  have  suggested  that  the  differences  found  in  the 
percentage  of  muscle  in  a  carcass  due  to  the  influence  of  genetic  and 
environmental  factors  were  expressed  in  a  variation  in  muscle  differ¬ 
entiation  and  distribution.  The  more  recent  anatomical  work  in  cattle 
by  Berg  (1968),  Berg  and  Mukhoty  (1970),  Butterfield  (1965)  and 
Butterfield  and  Berg  (1966)  has  shown  that  after  3  months  of  age  there 
is  little  further  muscle  differentiation  or  variation  in  muscle 
distribution. 

Data  presented  in  this  report  indicated  that,  in  pigs,  muscle 
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differentiation  was  essentially  completed  at  or  before  23  kg  live 
weight  and  thereafter  the  percentage  of  muscle  in  each  of  the  9 
standard  muscle  groups  remained  relatively  constant.  A  review  of  data 
presented  by  McMeekan  (1940a)  (Table  10)  indicated  a  similar  pattern. 

As  can  be  seen  from  the  table  inconsistent  variations  in  muscle  percent¬ 
age  in  each  of  the  joints  occurred  between  1.3  kg  and  13.2  kg  live 
weight.  From  36.1  kg  to  100  kg  live  weight  the  percentage  muscle  in 
each  joint  was  relatively  constant. 

Differences  in  certain  breeds  and  types  of  animals  have  often  been 
credited  to  differences  in  muscle  distribution.  However,  studies  of 
muscle  distribution  in  cattle  by  Butterfield  (1965)  indicated  no 
differences  among  breeds  in  percentage  muscle  in  the  9  standard  muscle 
groups.  When  comparing  beef-type  and  dairy-type  animals  Berg  and 
Mukhoty  (1970)  found  muscle  distribution  to  be  similar  among  types. 

In  pigs,  Bull  and  Longwell  (1929)  compared  carcasses  from 
"Chuffy",  "Intermediate"  and  "Rangy"  type  pigs  but  could  find  no  dif¬ 
ference  in  percentage  total  muscle  among  types  when  compared  on  a  fat 
free  basis.  Further  calculations  of  their  data  for  the  primal  cuts 
were  made  to  compare  muscle  distribution  among  the  three  types  of  pigs 
(Table.  11).  "Rangy"  type  pigs  had  a  slightly  greater  percentage  of 
muscle  in  the  ham  and  less  in  the  belly  than  the  "Chuffy"  type,  other¬ 
wise  the  distribution  was  quite  similar  among  types.  In  the  present 
data  (Table  7)  Duroc  x  Yorkshire  pigs  which  had  the  most  fat  were 
similar  in  muscle  distribution  to  Hampshire  x  Yorkshire  pigs  which  had 
the  least  fat. 

From  these  studies  it  appears  that,  regardless  of  the  conformation 
or  breed  of  pig,  muscle  distribution  remained  relatively  constant. 
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TABLE  10;  Muscle  distribution  in  joints  of  pigs  of  varying  ages  as 

calculated  from  McMeekan  (1940a) 
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Select  ing  for  types  and  breeds  of  pigs  with  higher  percentages  of  ham 
and  loin  would  appear  to  have  been  without  success  although  a  further 
understanding  of  the  growth  impetus  of  individual  muscles  and  muscle 
groups  may  allow  for  greater  progress  in  this  direction. 

Muscle  differentiation  between  sexes  occurred  at  or  before  23  kg 
live  weight.  Gilts  had  more  muscle  in  the  proximal  pelvic  limb, 
spinal  group  and  expensive  muscle  groups  A,  B  and  C.  Barrows  had  more 
muscle  in  the  neck  to  thorax  muscle  group.  At  live  weights  above  23 
kg  these  differences  either  disappeared  or  reversed  in  significance 
with  barrows  having  the  greater  spinal  muscle  and  expensive  muscle 
group  B  and  gilts  the  greater  muscle  in  the  distal  thoracic  limb  group. 
Comparing  these  sex  influences  on  muscle  development  to  those  in  cattle 
indicated  that  these  observations  may  be  unique  to  the  pig,  since  in 
cattle  (Berg  and  Mukhoty,  1970)  heifers  produced  the  greater  percent¬ 
age  of  proximal  hind  muscles  and  steers  the  greater  percentage  of 
neck  muscle.  However  the  pigs  studied  here  were  essentially  prepuber¬ 
tal  while  the  cattle  studies  all  extended  well  past  puberty. 

The  observed  changes  in  muscle  distribution  at  heavier  weights 
between  the  sexes  suggests  that  muscle  growth  differentiation  in 
barrows  is  somewhat  more  prolonged  than  in  gilts.  At  23  kg  live 
weight  gilts  appear  to  have  a  more  mature  pattern  of  muscle  distribut¬ 
ion  than  do  barrows.  By  23  kg  live  weight,  gilts  had  essentially 
reached  the  proportions  found  at  later  stages  while  muscle  distribution 
in  barrows  was  still  adjusting. 

Although  energy  intake  was  shown  to  affect  the  rate  of  certain 
tissue  development  there  was  little  evidence  of  variation  in  distri¬ 
bution  of  this  tissue  within  the  carcass.  A  review  by  Elsley,  et  al. 
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(1964)  of  McMeekan's  work  (1940a,  b,  c)  had  indicated  that  on  a  fat 
free  basis  the  differences  in  relative  proportions  of  bone  and  muscle 
in  different  parts  of  the  body  resulting  from  plane  of  nutrition  were 
very  small.  Results  from  the  present  study  agree  with  this  observation 
in  that  distribution  of  muscle  is  not  affected  to  any  great  degree  by 
plane  of  nutrition. 

Interactions  between  sex  and  ration  and  sex  and  breed  were  observ¬ 
ed  in  muscle  group  7  (thorax  to  thoracic  limb).  On  the  LE  ration 
barrows  had  a  greater  percentage  of  muscle  in  this  muscle  group  than 
did  gilts,  while  gilts  had  the  greater  percentage  of  muscle  in  this 
group  on  the  HE  ration.  In  the  sex  by  breed  interaction  in  this  report 
Duroc  x  Yorkshire  barrows  had  a  greater  percentage  of  muscle  in  muscle 
group  7  than  did  gilts  while  the  reverse  was  true  between  barrows  and 
gilts  of  Hampshire  x  Yorkshire  and  Yorkshire  x  Yorkshire  breeding.  In 
an  attempt  to  explain  these  differences  a  comparison  of  the  growth 
patterns  for  the  9  standard  muscle  groups  from  this  data  were  made 
with  those  derived  from  cattle  (Berg,  1968;  Butterfield,  1965; 
Butterfield  and  Berg,  1966)  and  are  presented  in  Table  12. 

In  the  original  classif icaticn  of  the  muscle  groups  by  growth 
rates,  "high"  represented  a  growth  rate  greater  than  that  for  total 
muscle,  "average"  a  rate  comparable  to  total  muscle  and  "low"  a  rate 
less  than  that  for  total  muscle.  In  classifying  the  present  data  any 
muscle  group  that  increased  in  percentage  of  muscle  between  23  kg  live 
weight  and  heavier  weights  were  classed  as  "high",  a  comparable  per¬ 
centage  at  all  weights  as  "average"  and  a  decrease  in  percentage  be¬ 
tween  23  kg  live  weight  and  heavier  weights  as  "low". 

Muscle  group  7  (thorax  to  thoracic  limb)  is  shown  in  Table  6  as 
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TABLE  12:  Comparison  of  standard  muscle  group  growth  patterns 

from  previous  studies  with  cattle  and  the  present  study  with  pigs 
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very  late  developing  or  of  high  impetus  in  cattle  but  of  only  average 
impetus  in  the  present  data.  The  differences  in  growth  rate  observed 
in  the  sex  by  ration  and  sex  by  breed  interactions  for  this  muscle 
group  therefore  seem  to  be  still  unresolved  since  the  interaction 
effects  tended  to  indicate  a  more  differentiated  rate  of  growth  than 
is  suggested  by  an  average  classification.  Any  sound  reason  for  this 
difference  will  probably  only  emerge  when  the  growth  coefficients  for 
the  individual  muscles  within  this  muscle  group  are  calculated. 

The  remaining  muscle  group  growth  patterns  indicated  that  the 
growth  impetus  for  muscles  in  pigs  at  or  above  23  kg  live  weight  was 
somewhat  different  than  for  those  in  cattle.  After  the  initial  adjust¬ 
ment  from  23  kg  to  68  kg  live  weight  in  pigs,  muscle  distributions  re¬ 
mained  quite  constant.  In  cattle,  some  muscle  groups  continued  to 
differentiate  at  heavier  weights,  showing  a  lower  or  higher  impetus 
than  total  muscle.  Some  of  these  patterns  in  cattle  were  sex  influ¬ 
enced  following  puberty.  The  pigs  in  this  study  were  probably  less 
mature  physiologically  and  therefore  would  not  exhibit  sex  influences 
that  might  arise  at  heavier  weights.  Nevertheless,  the  relative 
constancy  of  muscle  distribution  at  live  weights  on  either  side  of 
normal  market  weights  and  among  sexes,  breed  groups  and  ration  energy 
levels,  would  support  the  contention  by  Tulloh  (1963)  that  selection 
should  be  directed  towards  changes  in  fat  deposition  rather  than  mus¬ 
cle  distribution  in  any  performance  testing  program  where  improved 
carcass  composition  is  the  goal. 
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III.  Fat  Distribution 

A)  Introduction 

Although  it  has  been  shown  that  muscle  distribution  is  relatively 
constant  in  the  carcass  and  that  fat  is  the  major  contributor  to 
differences  in  carcass  composition  (Elsley  et  al.,  1964;  Fowler,  1967; 
Hammond,  1932;  Tulloh,  1963;  Wallace,  1948;  Wilson,  1960)  only  a  few 
experiments  have  been  conducted  to  study  the  distribution  of  fat  in 
the  carcass.  Hammond  (1932)  indicated  a  growth  gradient  pattern  of 
fat  deposition  similar  to  that  of  muscle.  Callow  (1947,  1948)  and 
Schon  and  Schon  (1964)  reported  some  major  differences  within  and 
between  species  in  deposition  of  subcutaneous  and  intermuscular  fat, 
while  later  reports  have  dealt  with  environmental  and  genetic  in¬ 
fluences  on  fat  deposition  in  cattle  (Callow  and  Searle,  1961;  Ledger, 
1959)  and  with  some  relationships  between  subcutaneous  and  total  body 
fat  in  swine  (Doornenbal,  1967;  Duniec  et  al.,  1961). 

Because  selection  in  pigs  for  carcass  merit  is  determined  pri¬ 
marily  on  backfat  thickness,  it  is  becoming  increasingly  important  to 
know  what  the  normal  pattern  of  fat  distribution  is  over  varying  live 
weights  and  how  this  pattern  may  be  affected  by  different  breeds, 
sexes  and  varying  planes  of  nutrition. 

The  present  chapter  reports  some  effects  of  live  weight,  breed, 
sex  and  ration  on  fat  distribution  in  the  subcutaneous,  intermuscular 
and  body  cavity  depots  in  pigs. 

B)  Materials  and  Methods 

A  description  of  the  animals  used  and  the  design  of  the  experiment 
was  the  same  as  that  previously  reported. 
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Half  carcasses  were  divided  at  the  11th  and  12th  rib  and  dissect¬ 
ed  into  individual  muscles,  fat  depots  and  bones.  Fat  was  separated 
by  front  or  hind  quarter  into  subcutaneous,  intermuscular  or  body 
cavity  fat. 

Multiway  analyses  of  variance  and  comparison  of  means  for  the 
data  were  done  according  to  methods  of  Steel  and  Torrie  (1960)  . 

C.  Results 

Table  13  shows  the  growth  patterns  for  subcutaneous  fat,  inter¬ 
muscular  fat  and  body  cavity  fat  as  a  percentage  of  total  carcass  fat 
in  pigs  slaughtered  at  23,  68,  91  or  114  kg  live  weight.  As  live 
weight  increased  from  23  to  114  kg,  %  subcutaneous  fat  increased,  % 
intermuscular  fat  decreased  and  %  body  cavity  fat  decreased  between 
23  and  68  kg  live  weight  and  then  remained  relatively  constant  to 
114  kg  live  weight. 

No  significant  differences  were  found  among  breeds  or  sexes  in 
percentages  of  subcutaneous,  intermuscular  or  body  cavity  fat. 

The  influence  of  ration  had  little  effect  on  percentage  of  subcu¬ 
taneous  or  body  cavity  fat  but  did  produce  differences  in  percentage 
intermuscular  fat.  Pigs  fed  the  HE  ration  had  a  greater  percentage 
(15.3%)  of  intermuscular  fat  than  did  those  fed  the  LE  ration  (14.2%, 

P  0.05). 

Although  the  overall  differences  in  fat  distribution  due  to  the 
influence  of  ration  appeared  minor,  significant  interactions  (P  0.05) 
did  occur  between  live  weight  and  ration.  As  shown  in  Table  14,  those 
pigs  fed  the  LE  ration  increased  in  %  subcutaneous  fat  from  82.6%  at 
68  kg  to  83.9%  at  91  kg  and  then  plateaued  to  84%  at  114  kg  live 
i^eight.  In  the  HE  fed  pigs  percentage  subcutaneous  fat  decreased  from 
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TABLE  14:  Interaction  of  ration  and  live  weight 

on  %  subcutaneous  fat 


Live 

weight  (kg)  68  91  114 


Ration 

LE 

HE 


82.6  83.9  84.0 

82.4  80.8  84.5 


TABLE  15:  Interaction  of  ration  and  live  weight 

on  %  intermuscular  fat 


Live 

weight  (kg)  68  91  114 


Ration 

LE 

HE 


15.5  13.6  13.5 

15.9  16.7  13.3 
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82.4%  at  68  kg  to  80.8%  at  91  kg  and  then  increased  to  84.5%  at  114  kg 
live  weight.  Opposite  changes  in  %  intermuscular  fat  occurred  at  each 
live  weight  (Table  15) .  Pigs  fed  the  HE  ration  increased  in  %  inter¬ 
muscular  fat  from  15.9%  at  68  kg  live  weight  to  16.7 %  at  91  kg  live 
weight  and  then  decreased  to  13.3%  at  114  kg  live  weight. 

Because  of  the  differences  in  fat  percentages  for  the  main  effects 
there  was  some  interest  in  determining  the  distribution  of  hind  or 
front  percentages  within  the  depots.  Table  16  presents  the  percentage 
of  hind  and  front  fat  distribution  within  each  of  the  three  fat  depots. 
The  23  kg  group  is  included  in  the  table  but  was  not  included  in  the 
statistical  comparisons.  The  greatest  changes  again  occurred  between 
23  and  68  kg  live  weight.  After  68  kg  live  weight  the  distribution 
as  to  hind  and  front  remained  fairly  constant  within  the  major  depots. 
The  only  significant  difference,  as  weight  increased,  was  in  the  dis¬ 
tribution  of  body  cavity  fat.  After  91  kg  live  weight  %  hind  body 
cavity  fat  decreased  while  %  front  body  cavity  fat  increased. 

Ration  apparently  had  no  influence  on  fat  distribution  within  the 
fat  groups  but  breed  and  sex  effects  were  observed  in  the  distribution 
of  intermuscular  fat.  Duroc  x  Yorkshire  pigs  had  a  greater  (P<0.05) 
percentage  of  hind  intermuscular  fat  and  smaller  percentage  of  front 
intermuscular  fat  than  Hampshire  x  Yorkshire  or  Yorkshire  x  Yorkshire 
pigs  which  were  equal.  Barrows  had  a  greater  percentage  of  hind  and 
a  smaller  percentage  of  front  intermuscular  fat  than  did  gilts 
(P  < 0.05) . 

Two  significant  interactions  (P<0.05)  occurred  between  breed 
and  sex  for  body  cavity  fat  and  live  weight  and  sex  for  intermuscular 
fat  (Tables  17  to  20) .  Duroc  x  Yorkshire  and  Hampshire  x  Yorkshire 
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TABLE  16:  Hind  and  front  subcutaneous,  intermuscular  and  body  cavity  fat 

as  percent  of  their  respective  totals 
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within  the  same  classification  having  different  superscripts,  differ  significantly  at 
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table  17:  Interaction  of  breed  and  sex  on  %  hind  body  cavity  fat 

mrn  ...  ■ -  .  ..  I.  ..  -  ,  . .  . 

Breed  D  H  Y 

Sex 

Barrow  76.6  68.6  69.2 

Gilt  65. A  66.7  72.2 


TABLE  IS:  Interaction  of  breed  and  sex  on  %  front  body  cavity  fat 

Breed  D  H  Y 

S  ex 

Barrow  23.4  31.4  30.8 

Gilt  34.6  33  . '3  27.8 


TABLE  19:  Interaction  of  live  weight  and  sex  on  %  front  intermuscular  fat 


Live 

weight  (kg)23  68  91  114 

•Sex 

Barrow  55.6  63.2  64.6  66.6 

Gilt  61.3  68.4  68.5  64.5 


TABLE  20:  Interaction  of  live  weight  and  sex  on  %  hind  intermuscular  fat 

Live 

weight  (kg)  23  68  91  114 

Sex 

Barrow  44.4  36.8  35.4  33.4 


Gilt 


38.7 


31 . 6 


31.5 


35 . 5 
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barrows  had  a  greater  percentage  of  hind  body  cavity  fat  and  smaller 
percentage  of  front  body  cavity  fat  than  did  gilts  (Tables  17  and  18) . 
This  pattern  was  reversed  for  the  Yorkshire  x  Yorkshire  barrows  and 
gilts . 

Interactions  involving  sex  and  live  weight  indicated  that  the 
percentage  of  the  intermuscular  fat  in  the  front  quarter  increased  in 
barrows  from  23  to  114  kg  live  weight  (Table  19) .  In  gilts  a  similar 
increase  occurred  from  23  to  68  kg  but  from  68  to  91  kg  a  plateau 
occurred  and  from  91  to  114  kg  there  was  a  decrease  in  the  percentage 
of  the  intermuscular  fat  in  the  front  quarter  in  gilts.  A  mirror  image 
effect  naturally  occurred  in  the  percentage  of  the  intermuscular  fat 
in  the  hind  quarter  (Table  20) . 

D)  Discussion 

The  trend  towards  lean  meat  production  in  more  recent  years  has 
stimulated  considerable  interest  in  fat  deposition  in  the  carcass  of 
pigs.  Selection  has  been  directed  toward  the  reduction  of  subcutaneous 
fat  by  backfat  measurements  assuming  that  a  change  in  one  fat  depot 
would  be  followed  by  similar  changes  in  all  depots.  Considerable 
doubt  about  this  relationship  now  prevails  and  while  the  overall  pat¬ 
tern  of  fat  deposition  as  described  by  earlier  workers  (Callow,  1947, 
1948;  Hammond  and  Murray,  1937)  does  not  appear'  to  have  changed 
appreciably  there  appears  to  be  an  independence  of  fat  deposition  in 
each  of  the  depots  as  well  as  an  unpredictable  sensitivity  within  each 
depot  towards  genetic  and  environmental  influences. 

In  the  present  data  as  live  weight  increased  %  subcutaneous  fat 
increased,  %  intermuscular  fat  decreased  and  %  body  cavity  fat 


- 

•  ■  ; 


. 


-39- 


remained  relatively  constant.  These  changes  in  fat  distribution  were 
not  simultaneous  however.  Regression  analysis  of  this  data  (Table  21) 
showed  that  correlations  between  fat  depots  varied  from  one  live 
weight  to  another.  Correlations  between  fat  depots  were  highest  and 
most  constant  at  23  kg  live  weight  but  fluctuated  at  the  heavier 
weights  indicating  a  differentiation  in  fat  deposition  among  the  three 
depots . 

The  different  response  among  depots  was  a  reflection  of  a  differ¬ 
ential  deposition  between  front  and  hind  quarters  within  each  of  the 
depots.  Between  23  and  68  kg  live  weight  %  hind  subcutaneous  fat, 
front  intermuscular  fat  and  front  body  cavity  fat  increased  while  % 
front  subcutaneous  fat,  hind  intermuscular  fat  and  hind  body  cavity 
fat  decreased.  By  68  kg  live  weight  the  pattern  of  deposition  within 
each  depot  was  essentially  complete  and  as  live  weight  increased  be¬ 
yond  this  point  differentiation  of  fat  deposition  appeared  to  follow 
a  pattern  of  least  resistance.  In  the  hind  quarter  the  presence  of 
large,  terminally-attached  muscles  deterred  large  deposits  of  inter¬ 
muscular  fat  to  a  greater  degree  than  the  smaller,  more  diffusely 
attached  muscles  of  the  front  quarter.  Subcutaneous  fat  was  more 
readily  deposited  over  the  hind  quarter.  Body  cavity  fat  was  more 
easily  accommodated  in  the  spacious  thorax  area  than  the  constricted 
kidney  area. 

Coupled  with  this  differential  deposition  was  the  sensitivity 
towards  genetic  and  environmental  influences.  Contrary  to  the  overall 
pattern  of  fat  deposition,  the  fatter  Duroc  x  Yorkshire  pigs  contained 
a  higher  percentage  of  hind  intermuscular  fat,  a  lower  percentage  of 
front  intermuscular  fat  and  a  slightly  lower  percentage  of  hind 
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subcutaneous  fat  than  did  the  other  breed  groups.  Between  sexes, 
barrows,  which  were  fatter  than  gilts,  had  the  greater  percentage  of 
hind  intermuscular  fat  while  gilts  had  the  greater  percentage  of 
front  intermuscular  fat.  On  the  HE  ration  intermuscular  fat  showed 
a  greater  rate  of  deposition  up  to  91  kg  live  weight  than  did  subcu¬ 
taneous  fat.  After  91  kg  these  rates  were  reversed.  On  the  LE  ration, 
%  subcutaneous  fat  increased  and  intermuscular  fat  decreased  up  to  91 
kg  while  both  remained  constant  thereafter.  In  each  case  those  pigs 
with  a  predisposition  to  fatten  quickly  deviated  from  the  normal 
pattern  of  fat  deposition. 

With  the  apparent  differentiation  in  fat  deposition  between  and 
within  depots  the  question  arises  how  the  reduction  of  fat  in  the  car¬ 
cass  might  be  best  accomplished.  As  can  be  seen  from  Table  22,  back- 
fat  measurements  are  most  highly  correlated  with  subcutaneous  fat 
and  explain  only  a  small  part  of  the  variance  found  in  intermuscular 
fat,  body  cavity  fat  or  total  muscle. 

Even  though  reducing  subcutaneous  fat  may  reduce  the  major  part 
of  the  total  fat  in  the  carcass  there  is  little  indication  that  pro¬ 
portionate  reductions  would  occur  in  the  other  depots.  Reduction  in 
one  depot  may  not  affect  the  other  depots  or  it  may  have  an  inverse 
effect.  On  comparing  the  Pietrain  and  Large  White  breeds  King  (1970) 
observed  that  Pietrain  crosses  had  more  muscle  and  less  subcutaneous 
fat  than  the  Large  Whites  or  their  crosses  but  the  amount  of  inter¬ 
muscular  fat  in  the  carcass  was  not  different.  On  the  other  hand 
Callow  (1961)  observed  that  within  "beef  type"  animals  those  breeds 
with  the  lower  subcutaneous  fat  had  higher  intermuscular  fat  and 
that  "dairy  type"  animals  were  lower  in  both  subcutaneous  and 
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TABLE  22:  Correlations  of  shoulder  loin  and  backfat  measurements 

with  fat  groups  and  total  muscle 
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intermuscular  fat  but  were  highest  in  mesenteric  and  caul  fat. 
Doornenbal  (1967)  and  Duniec  et  al.  (1961)  have  indicated  that  in 
pigs  the  genetic  correlation  between  fat  depots  could  allow  for 
independent  selection  within  each  depot.  If  this  is  so  then  it  is 
quite  unlikely  that  reducing  backfat  will  reduce  the  proportion  of 
intra  or  intermuscular  fat  in  retail  cuts.  Means  must  therefore,  be 
found  to  reduce  the  fat  in  each  depot.  It  is  obvious  that  experiments 
concerned  with  backfat  selection  must  take  into  consideration  not  only 
the  simple  reduction  of  subcutaneous  fat  but  the  entire  question  of 
fat  deposition. 
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IV.  Bone  Growth  and  Distribution 

A)  Introduction 

Previous  studies  of  bone  growth  in  sheep  and  pigs  (Hammond, 

1932;  McMeekan,  1940,  a,  b,  c)  have  suggested  an  anterior-posterior 
pattern  of  skeletal  growth  as  well  as  a  centripetal  pattern  of  growth 
within  the  limbs.  It  has  also  been  suggested  that  growth  in  length 
preceeds  that  in  circumference  and  that  plane  of  nutrition  has  a 
decided  effect  on  circumference  in  the  later  stages  of  growth.  The 
present  study  on  tissue  development  and  muscle  and  fat  distribution 
in  pigs  indicated  a  definite  differentiation  of  growth  within  and 
between  these  tissues.  Because  of  the  possible  dependence  of  muscle 
growth  on  bone  growth  it  appeared  necessary  to  determine  if  there  was 
a  differentiation  between  length  and  circumference  growth  and  if  the 
point  of  differentiation  in  bone  distribution  corresponded  to  that  of 
muscle  distribution. 

The  present  chapter  presents  the  data  of  individual  bone  measure¬ 
ments  and  bone  distribution  in  pigs  as  affected  by  live  weight,  breed 
sex  and  ration. 

B)  Materials  and  Methods 

The  design  of  the  experiment  and  allotment  of  animals  was  the 
same  as  previously  presented.  Because  of  incomplete  bone  data  3  of 
the  pigs  slaughtered  at  23  kg  live  weight  were  not  included  in  this 
study.  The  total  number  of  pigs  used  therefore  was  106,  with  14 
slaughtered  at  23  kg  and  92  slaughtered  at  68,  91  or  114  kg  live 
weight . 

Half  carcasses  were  dissected  into  individual  muscles,  fat  and 
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bones.  Bones  were  weighed  to  the  nearest  gram.  Vertebrae  bones 
were  grouped  as  to  cervical,  thoracic  or  lumbar  while  sternum  and  rib 
cartilage  were  weighed  together.  All  other  bones  were  weighed  individ¬ 
ually.  Length  and  circumference  measurements  were  made  on  the  scapula, 
humerus,  radius  and  ulna,  femur  and  tibia.  Length  measurements  repre¬ 
sented  the  greatest  distance  between  proximal  and  distal  points  of 
each  bone  while  circumference  measurement  represented  the  narrowest 
point  on  the  shaft  of  each  bone. 

Multiway  analysis  of  variance  and  comparison  of  means  for  the  data 
were  carried  out  according  to  the  methods  of  Steel  and  Torrie  (1960) . 

G)  Results 

The  influence  of  live  weight,  breed,  sex  and  ration  on  the 
increase  in  length,  circumference  and  weight  of  the  scapula,  humerus, 
radius  and  ulna,  femur  and  tibia  are  illustrated  in  Figures  3-5  and 
presented  in  Table  23. 

As  live  weight  increased  from  23  to  114  kg  bone  length  increased 
in  a  linear  fashion  relative  to  live  weight  up  to  91  kg  after  which 

growth  rate  decreased  slightly  for  all  bones  except  the  humerus  (Fig. 

'  > 

3).  Circumference  of  each  bone  increased  most  rapidly  between  23  and 
68  kg  live  weight  after  which  circumference  increased  at  a  decreasing 
rate  (Fig.  4).  Weight  for  all  bones  increased  significantly  in  a 
linear  pattern  over  all  live  weights  (Fig.  5). 

There  appeared  to  be  little  difference  among  breeds  in  length, 
circumference  or  weight  of  the  individual  bones  measured  (Table  23) . 

The  only  significant  differences  observed  were  for  radius  and  ulna 
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Figure  3  Bone  length  relative  to  live  weight  in  pigs. 
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circumference  and  tibia  weight.  Duroc  x  Yorkshire  pigs  had  a  greater 
radius  and  ulna  circumference  (P<0.05)  than  Hampshire  x  Yorkshire  or 
Yorkshire  x  Yorkshire  pigs  which  were  equal.  Tibia  weight  in  the 
Hampshire  x  Yorkshire  pigs  was  less  (P<0.05)  than  that  in  either  the 
Duroc  x  Yorkshire  or  Yorkshire  x  Yorkshire  pigs. 

Differences  between  barrows  and  gilts  occurred  in  the  length 
and  weight  of  the  scapula  and  in  the  length  of  the  femur  and  tibia. 

In  each  instance  gilts  had  a  significantly  greater  length  and  weight 
than  barrows  (P<0.05).  Although  there  was  no  significant  difference 
observed  between  sexes  for  femur  weight  a  significant  interaction  did 
occur  between  sex  and  live  weight  (Table  24) .  At  68  kg  live  weight 
femur  weight  for  barrows  exceeded  that  for  gilts  by  9  g  but  at  114  kg 
live  weight  gilts  exceeded  barrows  by  24  g  in  femur  weight. 

Ration  did  not  influence  the  length,  circumference  or  weight  of 
the  majority  of  bones  measured.  The  only  bone  affected  significantly 
was  the  scapula  which  appeared  to  have  a  greater  length  as  a  result 
of  the  LE  ration  and  a  greater  weight  as  a  result  of  the  HE  ration 
(P<  0.05)  (Table  23). 

Comparisons  of  weight-length  (WL)  ratios,  have  suggested  an 
early  growth  in  bone  length  followed  by  a  later  circumference  growth 
(McMeekan,  1940a;  Whythe,  1958).  Bones  from  this  experiment  were 
compared  on  this  basis  as  well  as  by  weight-circumference  (W/C)  and 
length-circumference  (L/C)  ratios  (Table  25).  The  W/C  and  W/L  ratios 
revealed  little  about  the  growth  of  bone  other  than  that  bone  weight 
increased  at  a  greater  rate  than  either  length  or  circumference 
(P<0.01).  On  the  other  hand,  L/C  ratios  did  reveal  a  pattern  of 
length  and  circumference  growth.  Slight  decreases  in  the  L/C  ratio 
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TABLE  24:  Interaction  of  sex  and 
live  weight  on  femur  weight  (g) 


Sex 


Barrow 


Live 

we i gh  t 

(kg) 

68 

91 

114 

232 

275 

310 

223 

279 

334 

Gilt 


. 

TASLE  25.*  Ratios  of  length,  circumference  and  weight  for  5  bones  as  influenced  by  live  weight,  breed  sex  and  ration 
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between  23  and  68  kg  live  weight  indicated  a  slightly  greater  growth 
rate  for  circumference  than  for  length  in  all  bones  except  the 
scapula.  After  68  kg  live  weight  L/C  ratios  remained  relatively  con¬ 
stant  indicating  similar  growth  rates  for  length  and  circumference. 

The  only  influence  breed  appeared  to  have  on  L/C  ratios  was  for 
radius  and  ulna.  Yorkshire  x  Yorkshire  pigs  exceeded  both  Hampshire 
x  Yorkshire  and  Duroc  x  Yorkshire  pigs  in  radius  and  ulna  L/C  ratio 
(P<  0.05). 

The  influence  of  sex  appeared  to  be  limited  to  the  scapula  W/C 
and  W/L  ratios  while  ration  affected  both  scapula  W/C  and  W/L  ratios 
and  the  W/L  ratio  of  the  radius  and  ulna.  Gilts  exceeded  barrows  and 
pigs  fed  the  HE  ration  exceeded  those  fed  the  LE  ration  in  each  case 
(P  <  0. 05)  . 

In  addition  to  the  differentiation  in  length  and  circumference 
growth  rates  there  was  considerable  interest  in  determining  if  a 
pattern  of  differentiation  existed  for  bone  distribution  in  the 
skeleton. 

To  determine  the  pattern  of  distribution  individual  bone  groups 
dissected  from  one  half  the  carcass  were  expressed  as  a  percentage  of 
total  bone  in  the  side  (Table  26) .  As  live  weight  increased  the 
percentage  of  the  total  bone  in  the  carcass  decreased  but  %  bone  with¬ 
in  the  hind  and  front  quarters  remained  relatively  constant.  Of  the 
individual  bone  groups  only  the  lumbar  vertebrae  showed  a  significant 
percent  increase  as  live  weight  increased  above  68  kilograms  (PC0.05). 
The  humerus,  femur,  tibia  and  hock  bones  all  decreased  significantly 
in  percentage  as  live  weight  increased  (P<0.05).  Although  there 
were  no  significant  differences,  the  scapula,  radius  and  ulna, 
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TABLE  26:  Influence  of  live  weight,  breed,  sex  and  ration  on  bone  distribution  in  pigs 
expressed  as  a  percentage  of  either  carcass  or  total  bone  weight 
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thoracic  vertebrae  and  carpus  tended  to  decrease  in  percentage  slight¬ 
ly  as  live  weight  increased  while  the  percentage  pelvis,  patella, 
atlas,  cervical  vertebrae,  ribs  and  sternum  and  rib  cartilage  tended 
to  increase  slightly. 

Breed  appeared  to  influence  the  percentage  of  scapula  radius  and 
ulna  and  sternum  and  rib  cartilage.  Yorkshire  x  Yorkshire  pigs  had  a 
smaller  percentage  of  scapula  and  radius  and  ulna  than  Duroc  x  York¬ 
shire  or  Hampshire  x  Yorkshire  pigs  while  Hampshire  x  Yorkshire  pigs 
had  the  greater  percentage  of  sternum  and  rib  cartilage  (P<0.05). 
Gilts  had  a  greater  percentage  of  scapula  than  did  barrows  and  pigs 
fed  the  HE  ration  a  greater  percentage  than  those  fed  the  LE  ration 
(P<0.05).  Interactions  between  sex  and  ration  for  percentage  scapula 
occurred  and  are  illustrated  in  Table  27.  Barrows  had  a  greater  per¬ 
centage  scapula  on  the  HE  than  on  the  LE  ration  (P<0.05)  while  gilts 
were  affected  about  equally  on  the  two  rations, 

D)  Discussion 

Previous  studies  on  bone  growth  in  pigs  have  indicated  that 
growth  in  bone  circumference  is  proportionately  greater  than  that  in 
length  after  a  certain  stage  of  development  of  the  animal.  McMeekan 
(1940a)  indicated  that  this  differentiation  took  place  after  20  weeks 
of  age  (52  kg  live  weight)  and  Cuthbertson  and  Pomeroy  (1962)  reported 
similar  patterns  for  length  and  circumference  growth  between  50  and  92 
kg  carcass  weight. 

In  the  present  experiment  the  data  supported  a  differentiation 
between  length  and  circumference  growth  but  suggested  that  this 
differentiation  may  have  occurred  at  much  earlier  live  weights  than 
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TABLE  27:  Interaction  of  sex  and 
ration  on  %  scapula 


Ra  t i on 

Sex 

HE 

LE 

Barrow 

6 .05 

5.40 

Gilt 

6 . 31 

6.26 
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previously  reported.  Differences  between  the  relative  growth  rates 
for  length  and  circumference  were  detected  between  23  and  68  kg  live 
weight  but  not  at  heavier  weights. 

The  influence  of  breed  and  sex  on  length,  circumference  and 
weight  of  the  individual  bones  was  inconsistent  and  confounded  by 
interactions  with  live  weight.  It  is  doubtful  that  individual  bone 
differences  due  to  these  major  effects  would  contribute  to  economic 
differences  within  retail  cuts. 

When  studying  the  effects  of  plane  of  nutrition  on  bone  growth 
McMeekan  (1940b,  c)  found  that  a  high  plane  of  nutrition  caused  a 
greater  thickness  and  low  plane  of  nutrition  a  greater  length  in  bones. 
It  was  also  suggested  that  plane  of  nutrition  affected  the  later  de¬ 
veloping  circumference  more  than  the  earlier  developing  length. 
Although  the  rations  used  here  may  not  have  been  as  restrictive  on 
growth  as  those  used  by  McMeekan,  there  appeared  to  be  little  differ¬ 
ence  in  length  and  circumference  growth  between  rations. 

Studies  in  both  sheep  and  pigs  have  reported  an  earlier  develop¬ 
ment  of  the  distal  limb  bones  than  the  proximal  bones  and  a  later 
development  of  the  lumbar  bones  than  the  cervical  or  thoracic  bones 
(Hammond,  1932;  McMeekan,  1940a;  Cuthbertson  and  Pomeroy,  1962). 

In  this  report  no  accurate  comparison  of  a  centripetal  pattern 
of  growth  within  the  limb  bones  could  be  made  with  earlier  studies 
since  all  of  the  bones  studied  were  located  more  in  the  proximal  than 
distal  region  of  the  limbs.  However,  an  anterior-posterior  pattern 
of  skeletal  development  was  observed.  The  decreasing  percentage  of 
thoracic  vertebrae  indicated  a  decreasing  anterior  growth  while  the 
increasing  percentages  of  ribs  and  lumbar  vertebrae  indicated  an 
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increasing  posterior  growth.  But,  as  was  found  by  Cuthbertson  and 
Pomeroy  (1962),  the  cervical  vertebrae  tended  to  increase  at  heavier 
live  weights  rather  than  decrease  suggesting  a  later  stage  of  maturity 
for  this  bone  group  than  suggested  by  earlier  reports.  Cuthbertson 
and  Pomeroy  also  reported  the  growth  of  thoracic  vertebrae  as  exceed¬ 
ing  that  of  lumbar  vertebrae  between  68  and  92  kg  carcass  weight  but 
no  such  conclusion  could  be  drawn  from  these  data. 

There  appeared  to  be  little  consistent  effect  of  breed,  sex  or 
ration  on  the  distribution  of  bone  in  the  carcass  indicating  the 
rather  stable  position  of  bone  in  the  carcass. 

Although  the  data  presented  were  not  analyzed  in  detail  as  to 
the  relationship  of  muscle  and  bone  growth  it  was  interesting  to  note 
that  the  differentiation  in  bone  distribution  being  essentially  com¬ 
pleted  at  or  before  23  kg  live  weight  corresponded  to  the  different¬ 
iation  of  muscle  distribution  (Table  12) .  After  68  kg  live  weight 
relatively  little  change  occurred  in  muscle  or  bone  distribution. 
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GENERAL  SUMMARY  AND  CONCLUSIONS 

The  objectives  of  this  study  were  to  determine  the  patterns  of 
development  and  distribution  of  the  major  body  tissues  in  swine  and 
to  determine  what  effects  live  weight,  breed,  sex  and  ration  had  on 
these  patterns. 

Tissue  Development 

A  normal  pattern  of  tissue  growth  was  shown  to  occur  with  bone 
growth  being  relatively  slow  and  muscle  growth  relatively  fast.  Fat 
deposition  paralleled  muscle  growth  from  68  to  91  kg  live  weight  after 
which  fat  deposition  exceeded  muscle  growth  in  absolute  amount.  Breed 
of  sire  tended  to  influence  the  carcass,  muscle  and  fat  weight  per  day 
of  age  as  well  as  the  proportions  of  lean  and  fat  in  the  carcass. 

Gilts  had  more  muscle  per  day  of  age  and  a  greater  percentage  of 
muscle  and  less  of  fat  than  did  barrows.  Barrows  had  a  greater  carcass 
weight  and  more  fat  per  day  of  age  than  gilts.  The  LE  ration  resulted 
in  higher  percentage  of  muscle  and  lower  percentage  of  fat  in  the  car¬ 
cass  than  did  the  HE  ration.  At  all  slaughter  weights,  the  differences 
in  the  proportions  of  muscle,  fat  and  bone  between  barrows  and  gilts 
were  similar  to  the  differences  resulting  from  the  HE  and  LE  rations. 

Carcasses  from  gilts  slaughtered  at  114  kg  live  weight  were 
equal  in  composition  to  those  from  barrows  slaughtered  at  91  kilograms. 
Similarly,  pigs  fed  the  LE  ration  at  114  kg  had  equal  carcass  composi¬ 
tion  to  HE  fed  pigs  at  91  kilograms.  The  data  indicated  that  there 
may  be  some  justification  for  extending  the  weight  range  in  the 
Canadian  grading  system  such  that  carcasses  of  superior  composition 
outside  the  present  weight  range  would  be  recognized  on  their  merit. 
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Some  interactions  occurred  among  breed,  sex  and  ration  groups 
reflecting  differences  in  energy  intake  and  partitioning  of  nutrients 
for  tissue  growth. 

Muscle  Growth  and  Distribution 

Slight  changes  occurred  in  muscle  distribution  between  23  to  68 
kg  live  weight  with  little  change  thereafter.  Breed  groups  were  quite 
similar  except  that  Duroc  x  Yorkshire  pigs  had  a  significantly  greater 
percentage  of  muscle  in  the  spinal  group. 

The  influence  of  sex  appeared  to  vary  relative  to  live  weight 
with  gilts  maturing  at  earlier  weights  than  barrox^s.  Ration  influence 
was  negligible  except  for  the  distal  thoracic  limb  group  which  had  a 
slightly  greater  percentage  of  muscle  on  the  HE  ration  than  on  the  LE 
ration. 

Unexplained  interactions  between  sex  and  ration  and  sex  and  breed 
effects  occurred  for  the  thorax  to  thoracic  limb  muscle  group. 

Comparisons  of  the  present  pig  data  with  that  from  cattle  indi¬ 
cated  that  in  pigs  diphasic  growth  patterns  may  not  be  as  pronounced 
as  in  cattle  and  that  individual  muscles  may  be  growing  proportionate 
to  total  muscle  very  early  in  life.  There  seemed  to  be  little  evidence 
to  indicate  that  selection  pressures  have  had  any  influence  on  chang¬ 
ing  the  muscle  distribution  in  swine. 

Fat  Deposition  and  Distribution 

As  live  x^eight  increased  from  23  to  114  kg  a  differentiation 
betx^een  depots  occurred;  %  subcutaneous  fat  increased  and  %  inter¬ 
muscular  and  body  cavity  fat  decreased.  Within  each  depot  different¬ 
ial  deposition  between  front  and  hind  quarters  was  most  noticeable 


' 
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between  23  and  68  kg  live  weight.  During  this  period  the  major 
proportion  of  intermuscular  and  body  cavity  fat  was  deposited  in  the 
front  quarter  while  a  greater  proportion  of  the  subcutaneous  fat  was 
deposited  in  the  hind.  After  68  kg  live  weight  little  change  occurred 
in  proportion  of  front  to  hind  within  the  major  fat  depots  although 
the  proportion  of  body  cavity  fat  in  the  front  quarter  increased  at 
the  expense  of  the  hind. 

Deviations  from  the  overall  pattern  of  fat  deposition  were  indi¬ 
cated  by  certain  interactions  between  breed,  sex  and  weight. 

The  data  indicated  an  independence  of  fat  deposition  among  the 
major  depots.  It  appeared  that  a  reduction  of  fat  in  one  depot  would 
not  necessarily  be  paralleled  by  a  reduction  in  the  other  depots. 

Bone  Growth  and  Distribution 

Length  and  circumference  had  proportionate  rates  of  growth  be¬ 
tween  23  and  68  kg  live  weight  with  the  rate  for  circumference  slightly 
exceeding  that  for  length.  At  live  weights  above  68  kg,  growth  in 
length  paralleled  that  in  circumference.  The  effects  of  breed,  sex 
and  ration  on  bone  length  and  circumference  were  minor  and  inconsistent. 

An  anterior-posterior  pattern  of  skeletal  growth  was  observed 
while  any  centripetal  pattern  of  limb  growth  appeared  to  have  been 
essentially  completed  at  or  before  23  kg  live  weight.  Differentiation 
in  bone  distribution  paralleled  that  found  in  muscle  distribution. 
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